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October 1, 1957

Subject: Contract RD-9L
Task Order No, 2
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In aceordance with Article 2 of the baaie contraet,
there are forwarded herewith two (2) coples of the Monthly
Progress Report for August 1957 on Task Order Wo. 2 of RD-9l,
This report is UNCLASSIFIED. An additional eopy is being

held 1nJEby the project sngineer for the use of
your pe le 2t this location,

In comnection with this monthly progress report
the following information is submitted:

Total expenditures to 7-30-57 - $L2,695
Outstanding commitmenta as of

7-30-57 None
Funds remaining as of 7-30-57 17,621

Very trmuly yours,

%vornm/mw;:; Administration
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£oibed =~ SFCRFT-
m - [

25X1

25X1

25X1

-1 2]

25X1

CONFIDENTIAL

Sanitized Copy Approved for Release 2011/05/03 : CIA-RDP78-03300A001900110009-9



Sanitized Copy Approved f&r Release 2011/05/03 : CIA-RDP78-03300A00W1;6£)1 10009-9
CONFIDENHAL

Monthly Progress Report
August 1957

Tagk Order No. 2 )
Contraot No. RD=94 L 9B

Audio Noise Reduction Circuits

The cbjeot of thiz projeot is to develop a noise reduction eirouit
suitable for 'uso in separating speech intelligence from a signal containing
speech and noise when the spesch intelligence is masked by the noise. The
.propoaed method involves ja» principle which has been used sucoessfully to N
improve the signaletoenoise ratio in music reproducing or tnnimiuim
sys'bam.l The system ua;d fbr mugio oon.tains‘bandpun filters which pass
frequencies over a range of an octave or less. These filters are used
at tho input and output of a nonelinear elemsnt. The output of the none
linear elemonts contain the fundamental, aﬁd also harmonies and subhormonios
of the fundamental. Bowovor; since the pass band of ths input and output
bandpass filters is no greater than an octave, the harmonics and subharmonios
are not transmitted by the system. The funotion of the non-linear element
is to reject all noise signals below a given amplitude or threshold level.
The threshold levels of the non-linear devices in each channel ocan be
adjusted so that, in the absence of desired signal, the. noise is rejected.
When the desired signal is greater than the threshold level, the non-linear
elements allow thg composite signal to pass. Thus, for pessages of recorded
musio, when ths msio signal is ’ooiow the noise level in a given frequsnoy
ochannel, the channel is inoperative, and its oufput is eliminated from the
total output. Since the contribution of this ohannoi to the total output
would have been only noiss, the over-all no:lso. level is reduced. When the
music signal in a given channel is greater than the noise, ths chammel
conducts and allows the composite signal to pass. Thus, a channel oconducts

1, H.F. Olson, "Electronios," Dec., 1947.
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only when the desired signal is greater than the noise, and rejects when
noise alone is present.

In order to apply this mothod of noise reduction to speech, when
the wide dand speech signal-toenoise ratioc is very low, it was believed
necessary to find frequenoy regions in which the speech amplitude is
greater than the noise. Although the long time average spectrum of speech
is continuous, and similar in shape to the spectrum of room no.’un.2 the
short time speotrum of various speech sounds contains regions of maximum
energy ocalled spesch formants .8 The assumption that this method of noiase
reduction ahould be utilized for speech was based upon the belief that it
would be possidle to find frequency regions in which the amplitude of the
speech fonﬁnﬁ would be greater than the noise a subitanﬁal part of the
time,

A study has beon made to determine what bandwidths are required in
order to obtain speech formant amplitudes above the noise when a wide band
speech sample is just intelligidle in noises It is known that for noises
with & continuous speotrum it is the noise components in the immediate
frequency region of the maskad tcne whioch contribute to the making.‘ When
& very narrow bend of noise is used to mesk & pure tome, the masking inoreases
a8 the bandwidth is increased until a certain bandwidth is reached. After
this, as the bandwidth is inoreased, the amount of masking remains constant.
This bandwidth at which the masking reaches a fixed value is termed the
oritical bamlwid't;h.‘i Measurements have been made using filters which were

Z. Y. Fletoher, "Sposch and Hearlng oa Communication,” Van Nostrand Co., Ing.,
New York, 1965 (see Figures 61 and 70),

.50 -Opecites chape 1o

4. L.L, Beranek, "The Design of Speech Commmiocation Systems,” Proc. IRE,
Vol. 36, ppe 882, Sept., 1947,

5« NeR. French and J.C. Steinberg, "Factors Governing the Intelligibility
of Speech Sounds,” Jour. Accust. Sco. Amer., Vol. 19, Jan., 1947,
(See Figure 7).
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both narrower and wider than the oritical bandwidth. Both pure tones and
spesch mixed with continuous spesotrum type noizes have been studied. The
results of this study show that, for the narrowest permisaible bands whioch
~ can be used to pass speech formants, the number of times tho speech formant
amplitude in a given band excesds the noise is smll. Also, in these bands,
tl'n‘.peeoh amplitude is never considerably greater than the noise. Since
very narrow b&ndn:ldti:a are required to reduce the noise below the signal,
the nu;lbor of bands required to cover the speech spectrum is quite large.
There was no satisfactory way of evaluating the effect upon speech
nrbelugoncﬁ of small coﬁtributions from many narrow bands without building
& many channeled oircuit and evaluating it.
| In view of this fact a completo multi-channel system has been developed
in order to determine the effeotiveness of this method of improving speech
intelligibility in noise. The multi=channel system developed now oontains
110 channels covering the frequency range from 170 to 3200 ops. The bandwidth
of each ohannel is adjustable. Originally, each band was set so that it
was one half that of the critical band when the signal was 3 db above the
threshold level. A schedule of the band centers and their original bandwidths
was contained in the progress report for January 1967. Recently the bandwidth
of all bands were reduced to 68 db narrower than the critical bands.
During August svaluation of the 110 chamnel noise reducer was eontinued.
The additional 30 chamels which were added to the low frequency end of the
noise reducer improve the naturalness of the spseoh sound, but it has not
been determined whether or not they inorease the speech intelligibility. It
has been found that the noise reducer is less effective with the channel bande
widths 6 db narrower than the oritical bandwidths of the ear.
One of the short ocomings of the device in its present form is that

CONFIDENTIAL

Sanitized Copy Approved for Release 2011/05/03 : CIA-RDP78-03300A001900110009-9



Sanitized Copy Approved for Release 2011/05/03 : CIA-RDP78-03300A001900110009-9

CONFIDENTIAL

oo

speech signals 20 to 30 db above threshold are required to pass speech
information. This 1is considerably above the level that had been anticipated.
In order to improve the action of the noise reducer, a new volume compression
system is being considered. At present the volume level of the total signal
of speech and noise is compressed; however, this compression does not change
the inahnhnooua spectrum of the speech. For example, at a given inatant

in time, the spesch intselligence might be contained in three frequenoies at
1200 ops, 1900 ops and 2900 cps. The relative amplitudes of these three
component frequencies might differ by as much as 20 to 30 db, With the
present system the maximm signal must 'chm be greater than 20 to 50.4h .
above threshold in order that the minimum signal will be above the noise
reducer threshold. The result is that considerable noise is passed along
with the speech. In.o_rder to improve this, it is planned to break up the

pass band of the noise reducer into 11 bands by using band pass filters.

Then a volume compressor will be built for each of these 11 bands. Although
this type of system will change the relative amplitude of the speech formants,
it is believed that it will not greatly affeot speech intelligence. At present
band pass filters are being designed for this modification.

25X1

September 9, 1957
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